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V3IIUTUIIA XATTKAPO ATOM SHEPTUSICU ATEHTIIUTU (IAEA-MATATD)
BHJIAH XAMKOPIINKIA TEXHHUK KOOITEPAITACH BYMHYA 1999-2002-
WWJUIAPIIA OJIUB BOPWITAH WIMUU-TAJKUKOTJIIAP
II1.H.Hypmaros, Y3KXWUIUM Bour [iMpeKTopH,

X X.Axmenos, Y3IIUTH Bou mupekropu

Va[IUTU Xankapo aToM SHEprusicd areHTAMTM GuiaH OGUPraiukaa WIMHIA-
TaAKUKOTIap YyTKasuw 1999 iunmaH iynara KyWuaub, TeXHUK KOOMNepalusi pexkacu
acocuia «Fy3a Ba u3moml 3KMHJIApIa O3WKJIaHMLI Ba CYFOPUII TapTUOJApUHU
MakBy/UaIITUpHIL» MaB3ycu (¥36.5/002) 6¥itnua Taxpubaiap oMb GOpHIMOKIA.

KHLINOK XY>KalTMK SKUHJApUHMHI a30TjiM VYFUTIap aszoTudaH doiaantaH1LI
Ko3bbULUMEeHTH, ondaTAa, a30T Ky/UlaHWJIMaraH Ha3opaTra HucOaTaH aHWKJIaHaIu.
JlekuH Oy yCcyJHMHT y3Mra sipallia KaMYMJIWKIap¥ MaBXyld. BupuHumMzmaH, Taxxpubama
Xap HOUM a30TCU3 HazopaT OYIMIUM LIapT, UKKMHYWIOAH, a30TJIM YFUT MLUUIATUIraH
BapvMaHTAa XaM YCUMJIMKJIAp TYINpOKOaH V3fMalUTHpraH as3oT  MMUMKIOPH VFUTCHU3
Ha3opaTra TeHI Oe0 luapT/id paBullAa KaOyn KHWJIMHagd. BaxojaHku, 6y KypcaTKu4aap
Xap Xvi1 Oynaau Ba HaTHMXKaga OJIMHTAH MabJyMOT aHMK OYiMaitau, y HucOGaTaHAMD.
Hemak, OyHUHr y4yH Gollika OGUp ycyigaH cdoiaanaHuiu Kepak. KeluHru iunnapaa
KMLUIOK XYyXaJIUrura [nagujl KMpuO Kejaa€TraH aHuK ycaybsapaaH OVIMMIL H30TOII
CYIONTUPULL ycynu Oy Gopada aliHaH Makcaara MyBoUKAMD.

KyanaHraH Makcanra spylIMiI y4yH ¢odganaHuAaguMraH YFUTIArH YMYMUIi1 a30T
Tapkubuaa N-15 HUHT MUKIOPH 5 aT % aTpoduaa 6YaMIIK eTapau XxMcobiaHaau.

Yeumnuk Ba tynpoxkaard N-15 MUKAOpJApUHM aHUKJIALL YYYH Maxcyc XUX03
smuccuoH cnektpomeTp N-017 pc Y3[IUTUna maBxyx.

Mnamuit mananuuiap gana wapouTuaa Taxpuba Ba Maxcyc MUKpoTaxpubanap
(6ynuumanap xyayauaa MMKpoOYVAMHManap) oaubd Oopuiu #ynu OunaH amanra
OLUUPUIIHN.

Va[IUTU Ba uHcTUTYTHMHT DaproHa ¢uIMatuia JM3UMETplap LIAPOUTHAA
FY3a (YMIMT TUIEHKA OCTUra Ba aHbaHaBU yCyaja 3KWJraHga) Ba KaHjJ JaBiaruia
a30THUHI HUILIOHJAHraH u3otonuHU (N-15) Kyanalwl Myagatjiapd Ba MebEpiapura
OOFJIMK XOaaard MyBo3aHaTH YpraHWIIH.

Iyuunraek, V3[IUTU Mapkasuit Taxpuba XVKaIMTMHUHT THIOMK 63
TynpokJjapuaa Fy3aHH TOMYMIATHO CYFOpMIIAA, TYNPOKHUHT TYpJM HaMJIMIUMAA
HULIOHNIaHTraH a3oT Mebepaapu (N-15) MyBo3aHaTH Ba Ky3rd OyFaoiga Typjiu TYNpOK
HaMmaurvpaa a3otiaud yrutaap (N-15) Meb€paapMHUHI caMapaIopiMrd YpraHwigd. by
Gopagaru pgaja Ba JUM3MMETP Taxpubanapuga TyNpOK HAMJIWUTMHM Vi4all YYyH
3aMOHaBUH  XKUX03 - HeWTpoHnM HaM Vymyaruyra Hydroprobe-503 DRaaH
(hbotaanaHunou.

HamaHraH BWIOSTMHMHI O4Y Tycau OY3 TYNpok/aapd WApoOUTHAA KY3TH
OYFAOMHUHT UCTUKOOIM HaBlapyMaa MUHEpal YFUTIap camMapaiop/vrd ypraHuiaaeTraH
fJana taxpubacuaga xam HuuoHaaHraH a3oT (N-15) kyanaHuaau.

1999-2002 #unanapHMHr HoaA0p oiuraya MAIATSD opkanu  Kyfiuaaru
Jabopatopus KMUXO3/Mapyd OMMHAM: TYNPOK HaMAMIMHM yavawga uviujaTuiaaguraH
HcATpoHAM HaMm YavarnygaH «Hydroprobe-503 DR 1,5» 4 moHacu onuuu®, 1 Tacu
HHCTUTYTAA Koaaupunau, xonrannapu ®aproHa, Cupaapé, Xopa3Mm Quavannapura
Ocpuaan. HuwoHnauraH azot uzoronu N-15 1999 iunu 2 kr, 2000 #unna 4 kr, 2001
WK 3 Kr, TYyNpOK Ba YCUMJIMK HaMyHalapUHU TaxJWMA KMIaguraH «ONMTHUK IMMCCHOH
cnektpoMmeTp» NI7-PC (konopumeTp), KOMIIbIOTEP NPHHTEPU OWaaH Oupraaukia,
TYMNPOK XaXXMHWHU Ba CyB YTKa3yBYaHJWTMHM aHMUKJIAW Y4YyH WWaThiagurad Oypaap,
UMaWHIApAAp, TeH3MOMeTpaap, TEH3MOMETprAap YYyH Maxcyc Oypaap, TYynpok
3MUIHIMHY aHUKAanaMrad ac6o6 xamaa nabopaTopusi TaxIuiaiaapu YUYyH KUMEBUIA
pcaktusaap (10 xun Typu), «Kbenpgan» annapatd (HamMyHalapHM KyWauMpuul Ba
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SpUTMAaJlapHU KaifTa Xaiimalll y4yH), JUCTHLISATOpP, YCUMIMK Ba TYNPOK HaMyHaJlapUHU
Malganafaurad Xuxoanap, JlabopaTopusiia TaXIWia Y4yH MITAaTWIaAWIaH 3aMOHaBUH
SpUTMajlapHd Vynya® KysaguraH IMIeTkagap, HHAMKatopiaap, 250 M xaxmaaru
Krvenbmanu xonbalapu, 3JeKTpOHJIM TeXHUK (3 Ta) Ba aHasmTuk (1) Taposuiap,
OMUCCHOH crieKTpoMeTp TpyOkacu (N-30), TpyOkKaHM co3naluga HWIIaTWIagUTaH
YCKyHa, «Tyrpok Taxiauna ycnybiaapu» HOMIM (2 KUCM, «ATrpoHOMMs») 1 Ta MIMMUHA
anabuéT, HEHTPOHJIM HaM VIYaruy XUXo3u Y4yH Kabes TyrMayaiapu, 2 Ta KOMIIbIOTED
SKMXO3H.

by wusznanuutap OunanH Oupranvkaa AKII puBoX7TaHTMpUIL Ba WHCOHUM
uanaHuuuiap ¢GoHau O6yiinya xankapo rpaHT Joiuxacu NZ Bl —2050-connn «Kysru
OyFmoit Ba KaHO JaBiardga TYTIPOKHM CYFOPUIN TapTUOM, caMapagopjurd Xamia
TYNPOK, IIVPJaHUIIMHK KaMadMIIW» MaB3ycu OViiMya xaM WJIMHI-TaKUMKOTMap ojaub
6opunou. Typau cyropull TapTUOMaa a3oTAM  VYFUTJIAPHUHT  KYy3IH OyEnO
Maxcyngopaurura Ttabcupd ( asor u3orond N-15 Ba HeWTpoH HaMm Ya4yaruy
“Hydroprobe-503 DR xyananwinuu 6unaH) Massycu OyitMya jana Taxpubanapu
V3IIUTHU MTX npa, Cuppape, PaproHa, Xopa3sM, Kawikamapé dunuaniiapuaa oauod
6opunau. Typau CyYFOpMlI TapTMOMAa MMHEpaJl VFUTJIApHUHI KaHA JiaBjaru
MaxCyJIOpJMIUra TabCUpd (HedWTpoH HaM Ymyarmy «Hydroprobe-503  DR»
KYJUIaHWIMILKM ©OunaH) MaB3ycu OyiiMya jgana taxpubacu Y3[IUTH Xopasm
dunnanuaa yTkasMaMokaa.

I'pant 6Vitnya 2001 #Aun ¢espan oiiuaa 2 Ta HEUTPOHJM HaM yayaruy >XUXO3U
onuuu6, 1 tacu uHcrutyraa xoamupwiau, | tacu Kawkagapé dunuanura 6epusiau.
[IlyHuHIraeK, TYMNPOKHUHI  arpodM3uMKaBUHi  XYCYCUATIApPUHM  aHMKIALL  Y4YH
HUUTaTWIaAUraH LUJIMHIpAap, Maxcyc Oypiaap Ba Oypra TeruMuwaiv OyaraH KucMJlapu
XaM OJIMHIIH.

MATAT® xaMpa xankapo TpaHT pJacTypjapd Oyiuuya onaub OopuiaérraH
TaxXpubanapga pecrnyoJUKaMU3HUHT TETMLUIM TYINPOK Ba MKJIMM LUapoMT/iapuaa Fy3a,
Ky3ru OYFOOU Ba KaHJ JlaBllarTMaH IOKOPH Ba CHATIU XOCHJ OJIMLUra 3pULLIULL YYYH
MakKOy/l CYFOpMIUI TapTUOM Ba a30TIM VYFUTIApHUHT MakOyn Mebepraapud ULLTab
YUKUITAIH.

YFUTIIAII BA CYFOPHII

YIK: 631.582:432+452

O IPOEKTE TEXHUYECKOH KOOIIEPALIUM MATAT® UZB/5/002

OITUMMUM3AIIUA BOOHO-ITUTATEJIBHOT'O PEXIMMMA OCHOBHBIX

KVIIBTYP XJIOIIKOBOI'O CEBOOBOPOTA
H.M.U6parumos, b.C.Kamunos,
Y3HHUHUX, r.TauwikeHT

[TpoekT TexHMuyecKoi Koormepauud Mexay MexayHapoaHbIM areHTCTBOM [0
atomHoit 3Hepruu (MATATD) u VYabexckum HHWU  xnonkosoacrsa (Y3HHHUX)
UZB/5/002 o teme «OnTUMHU3aLMA BOAHO-TUTATENBHOIO peXUMa OCHOBHBIX KYJIbTYP
XJIOMKOBOTO ceBooBopoTa» 6bu1 yrBepxaeH Cekperapuatom MATATD B koHue 1998 r.
HayuHble M3bICKaHUA MO HeMY BbIMOAHSAAUCH B nmepuoa 1998-2002 rr Ha LleHTpanbHOM
akcnepumeHTanbHoi craHuuu (L[DB) YsHHUUX u B 4 obnacTHbIX (uauanax
MHCTUTYTA.

KoMruiekcHble MCCAeAOBaHUs MO OpPOLIEHWID W arpoXMMUU MPOBOASTCS B
Pa3MYHbIX MOYBEHHO-KJIUMATHUECKUX YCIOBUSX Y3beKUCTaHa:

- cTapoopollaeMblii  TUMMYHBIK cepo3deM (LleHTpanbHas 3KCMEpUMEH-

TanbHasa ctaHuua YaHU WX, TawkeHTckas obnacts);

- cepo3eMHo-nyrosast noysa (Ceipgapbutckuit dunuan YsHUNX);

- nyroso-casoBas nousa (MepraHckuit punuan YsHHUUX);

- TakbipoBuaHas nousa (KawkagapsuHckuit dunmvan YaHHUWX);
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Puc 1, 2 u 3 — Helirporminii soaromep «lIydroprobe-503DRy 1 cro kanwbporka Ha mose

Puc 4 — Dmuccnonnsii cockrpomMerp NOI 7 (FAN, Germany) ans onpeeinenss coAepacatnn
N-15 R pacTHTETRHAX H MOUNENILIX 00pasigx

Puc 5 1 6 — JIH3UMeTpHUIecKUe GIBTE ¢ HeTonssoeaanem N-15 w nefiTponmoro smaroMepa
HA WIOTUATHHKE W caxapuoid crexne
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- JIyTOBO-aJUTioBHasibHag nmoyBa (Xopeamckuit duauan YsHUUX).

Hccnenosanust no npoekry UZB5002 cdokycHpoBaHBI B OCHOBHOM Ha Tpex
KyJAbTypax (XJIom4aTHUK, O3MMasi MilleHHLa U caxapHasl CBEKJa) 1 l'IpOBOIU/UIPICb B ABYX
HaIpaB/ICHUSIX.

[TepBasi 4acTb MCCJIEHOBAaHUI MOCBsILIEHa pa3paGoTKe ONTHMAJbHBIX PEXHMMOB
OpOLUEHWS M OIpele/ieHUIO TIoKa3aTeleil BOAOMOTpeONeHUS (3BaTpaHCMUpaLMK)
yKa3aHHBIX KYJBTYp C NpHUMEHEHUEM HelTpoHHoro BiaroMmepa «Hydroprobe-503 DR
1.5'> (CPN International, USA u Ten3uometrpoB (SDEC, France). IlpeanBapurenbHo
KaXKaplif BjaaroMep OBUT OTKaJMMOpOBaH [ KOHKPETHBIX ITOYBEHHBIX YCNIOBHWIiL. B
MEPBYIO ouepeab KajaubpoBKa IpHbopa Obiia BeIMoaHeHa B ycnoBusx LIBb YsHUUX,
KoTopasl MpoBooWiachk mnoa pykoBoacTBoM 3kcreptoB MATATSD (Dr. Steven R.Evett,
Bushland Conservation and Production Experiment Station, ARS-USDA, Texas, USA;
Prof., Dr.C.Kirda, Cukurova University, Adana, Turkey) M B IpUCYTCTBHHU
NMPUINALIEHHBIX HWCIIOJHUTENEH OMNBITOB M3 BbIlUEYKa3aHHbIX (PUIMATOB MHCTUTYTA.
Kpome Toro, aTa xe rpynna CIeLualucTOB MpoUIa MECAYHYIO CTaXKUpPOBKY B TypLUH
noa pykoBoacrBoM Prof., Dr. C.Kirda (Cukurova University, Adana, Turkey).
TpexMmecsyHyi0 CTaXMpOBKY IO KaiuMOpPOBKE M MCIIOJIb30BAHHMIO HEWTPOHHOTO
BJaroMepa W TEH3UOMEeTpOB B TypLUMU T[Ipolles elle OOUH COTPYAHUK OTAjena
opoutenust YsHUHUX.

B nocneayiomieM paGoThl no  KaauOpoOBKE  BJIATOMEPOB  MpPOBEIEHBI
cneuvanuctamu orgena opouieHus Y3HHUUWUX u uMcroaHUTENsIMU OMBITOB Ha MeECTax.
KanubpoBoyHble ypaBHEHHUSI MU COOTBETCTBYIOLUME pacyeThl HO BJIaXHOCTU [1OYBBHl B
KaxIoMm cJiydyae corjiacoBeiBasiich ¢ Dr. S.Evett, KoTOpblif IIMPOKO HM3BECTEH KakK
MEXAYHapOAHbIA 3KCMEPT M CNeLUaTMCT MO WCIMONb30BAHUIO Pa3AMYHBIX MOYBEHHbIX
BJ1aroMe poB.

Bropass yacTh HaydyHBIX W3bICKAHUII CBsI3aHA C HWCMOJbL30BAHMEM MeETOJA
u3oTonHoi uHAMKauuu. CrabuabHblit u3zoton asor PN 6bl1 Mcnonb3oBaH B ¢opme
MOYeBHHBI ¢ oboraieHueM 1,25-6,37 at.% Iuis ornpeleieHUss pa3MepoB MOTpebIeHH s
U Ko3(OULUMEHTOB MCIIONb30OBAHUS a30Ta BHECEHHBIX MMWHEpaJbHBIX YIOOpeHUM
XJIOMYaTHUKOM, O3UMOM MUIEHULIEN U caxapHOM CBEKJIOM.

XUMHUYECKUe aHaIU3bI 110 ONpEAeNEHUIO CoaepXXaHUsl OOLIEro a3oTa U MeYEHOTo
ISN B ofpa3suax pacTeHMH TMpOBOAMIM INpM [oMoluM anmapata Kwvenbaans
(Kjeldahlterm B8 u Vapodest-30) u amuccuonHoro crekrpomerpa NOI 7 (FAN,
Germany). CTtaxyUpoBKy U1s1 pabOThl Ha YKa3aHHBIX NMpuOopax npowau: 1 cOTpyAHHUK
otaena ynobpenuit YsHUUX — mecaynas craxupoBka B ['epmanuu (Fisher Analyzen
Instrumente GmbH, Leipzig, Germany) u 2 coOTpyAHMKa TO Xe OTAela —
aByxmecsayHasa craxuposka B sabopatopun MATATO (International Atomic Energy
Agency, Soil Science Unit, FAO/IAEA Agriculture & Biotechnology Lab, A-2444
Scibersdorf, Austria).

ExeronHo ykasaHHas nabopatopusi MAT'ATD nposepsina TOYHOCTb HaALUUX
npubopoB W aHaMUTH4YeCKUX uccaempoBaHuit. Otgen yaobpeHuit YsHHUUX nposoaun
XMMHUYECKHE aHAJM3bl PacTUTE/NbHbIX OOpa3sLoB C HEU3BECTHBIM conepxaHneM N-
ob6wwero u N-15, KoTopbie NMPUCHIIATUCH U3 ABCTPUM.

Bnaronapﬂ MPOEKTY TEXHUYECKOTO  COAEMCTBHUSA MAFATS‘ UZB/5/002
LOTD\.’IHHKM V3HUUX cMmoraM TakXe  COBEPLIUTb  HayuyHble  BU3UTbl B
Heeac1oBaTeIbCKUE  LEHTPbl  APYrMX CTpaH ISl O3HAKOMJIEHMST € Hay4HbIMH
JOCTHACHUSMM, HOBbIMM MpubOpaMu, MeTojaMH W JuTepaTypoit: AscTpus, Typuus,
Eruner n CLIA.

Mbl BbipaxaeM CBOIO 61arogapHOCTb BCEM COprlIHMKaM MATATD NPUHSABLW UM
VUACTHC B OCYyLIeCTBAEHUM JaHHoro npoekra. Ocobyio 6arogapHOCTb BbipaXkaem
Dr.Chaudhri, Dr.Abdel El Fathi, Dr.P.Moutonnet, Dr. Lee Heng, Dr.G.Hardarson
(IAEA), Dr.Steven R.Evett (Bushland, ARS-USDA) u Prof., Dr.C.Kirda (Cukurova
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University, Adana, Turkey), YsHIILICX, romoBHoMmy oducy u dunuranam Y3IHHUUX za
OrpOMHBIN BKJaJ B JieJie Iporpecca JaHHOTro NMpOeKTa.

IRRIGATION SCHEDULING STUDY OF DRIP IRRIGATED COTTON BY USE
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Uzbekistan Cotton Growing Research Institute,
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Biotechnology Lab, A-2444 Seibersdorf, Austria

Abstract

Investigations of water use (evapotranspiration or ET) and irrigation scheduling
of drip irrigated cotton (Gossypium hirsutum, cv. Akdarya-6) were conducted at the
Central Experiment Station of the Uzbekistan Cotton Growing Research Institute
(UNCGRI) on the old irrigated typical gray soil (deep silt loam) in 2000 and 2001.
Water use was established using the soil water balance approach on a weekly basis.
Deep measurements of the soil profile water content were accomplished using soil
moisture neutron probes (SMNP), which were calibrated in polyvinyl chloride (PVC)
access tubes for the soil and each soil horizon. Soil water measurements were used for
determination of irrigation rates and times for drip irrigated cotton during the growing
season. Cotton water use was measured by the soil water balance method. The results
revealed that drip irrigation of cotton under the given circumstances improved water use
efficiency and seed-cotton yield. Under drip irrigation practices and the optimal mode
(70-70-60% of field capacity) of irrigation scheduling, 31 to 39% of the irrigation water
was saved in comparison with surface irrigated cotton grown under the same condition.
The seed-cotton yield was increased by 21 to 22% relative to the surface irrigated
cotton.

Key words: Neutron Scattering, Calibration, Drip Irrigation, Profile Water
Content, Crop Water Use, Seed Cotton Productivity, Microirrigation

Introduction

Cotton and wheat are the major crops in Uzbekistan followed by corn, alfalfa,
sugar beet, vegetables and fruits. About 60% of the country is (semi-) desert with only
four million hectares of the area cropped. With annual rainfall of 110 to 220 mm,
Uzbekistan’s climate is that of the dry mid-latitude desert, which is characterized by hot
summers and cold winters. Thus, agricultural production in the country, like in the
whole of Central Asia, is predominantly based on irrigation, which makes irrigation
water supply and management the prevailing factors limiting crop yields in the region.
Agriculture in Uzbekistan was and still is the largest sector in Uzbekistan’s economy.
Water, used for hydro-electricity generation and irrigation, is supplied by two major
river systems: the Amu-Darya and Syr-Darya, which also supply the neighboring
countries of Kyrgyzstan, Tajikistan, Afganistan, Turkmenistan and parts of Kazakhstan.
Since 1991, these Central Asian countries have continued their dispute on meeting
increasing water demands. Since then, lack of water has gradually devastated the
irrigation-dependent cotton, winter wheat and other major crop production. In
addition, lack of water has engendered the ecological catastrophe within the Aral Sea
Basin, at the tail end of the river systems of Uzbekistan. Investigation of crop water
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scheduling in relation to lack of irrigation water has not been conducted in Uzbekistan.
The main goal of this research was to measure cotton water use in Uzbekistan, and to
determine irrigation scheduling parameters associated with optimal yield and irrigation

water use efficiency.
Materials and Methods

The field experiment was conducted at the Central Experiment Station of
Uzbekistan’s Cotton Growing Research Institute in 2000 and 2001 at Tashkent. The soil
is an old irrigated typical gray soil, a medium loam; and the water table is more than
15-m deep (automorphic type of soil formation).

As a starting point for investigations of irrigation scheduling, we adopted the field
capacity (F¢) index, which was 0.298 m3 m™3 in this soil. Irrigations were scheduled
when soil moisture in the root zone was depleted by the crop to specific fractions of F¢
(for instance, irrigation at 70% of F¢) for each of the three main plant growth periods
defined below.

The experiment with cotton was carried out in three replicates and comprised
two irrigation scheduling treatments with drip irrigation, and one treatment with surface
irrigation for comparison. The drip irrigation system, comprising one line of surface drip
tape per row, was installed in the field after completion of early season inter-row
cultivation. Each treatment consisted of scheduling irrigations at specific percentages of
Fc during each of three plant growth periods as follows:

1. 65-65-60% of F¢ (drip irrigation)
2. 70-70-60% of Fc (drip irrigation)
3. 70-70-60% of Fc (conventional irrigation)

where the first of the three levels of Fc (e.g., 65-65-60%) was used from germination to
squaring stage of the crop; the second level (e.g., 65-65-60%) was used from squaring to
the flowering-fruiting stage; and the third level (e.g., 65-65-60%) was used during
maturation of cotton bolls. Each replicated plot was 240 m? (4.8 m by 50 m). Irrigation
water quantity applied through drip irrigation was measured by an in-line propeller-type
flow meter. Water quantity for the surface irrigation treatment was measured using the
weir of Chippoletty. Fertilizer was applied at rates of 200 kg ha-! N, 140 kg ha-! P, and
100 kg ha-! K. All other cultural practices were conducted similar to the common
practices in the area.

Cotton water use was measured by the soil water balance method. Considering
ET as crop water use, P as precipitation, I as Irrigation, R as the sum of runoff and
runon, F as flux across the lower boundary of the soil profile (control volume), and AS
as change in soil water stored in the profile, we know that the soil water balance must

sum up to zero:
ET+AS+R—-P—-1I-F=0 (D

where the sign conventions are as given in Evett (2002), including the convention that
ET is taken as positive when water is lost to the atmosphere through transpiration
and/or evaporation. Re-arranging this equation gives the crop water use or ET as:

ET=-AS+P+[—-R+F (2)

A key thrust of our investigations was the measurement of soil profile water
content. For this purpose we used the SMNP (Campbell Pacific Nuclear International,
model Hydroprobe-303DRI1.5), which was calibrated for each soil and soil horizon.

Calibration of the SMNP was performed using methods described in Evett and
Steiner (1993).- For calibration, PVC access tubes were installed in the field to 2.0-m
depth, in two replicates in each of two plots of 10 square meters each. A wet site plot
was irrigated to field capacity to below the 2-m depth using irrigation water. A non-
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irrigated plot was prepared as the dry site by crop and field management during the
preceding season. Volumetric water content of the soil profiles was measured by
volumetric/gravimetric methods for comparison with count ratios measured with the
SMNP. Calibration equations were calculated for the important soil layers. These were
used for determination of profile water content and thus calculation of irrigation rates
and times for cotton during the growing season. Measurements of volumetric water
content of the soil profile were conducted twice a week and in two replicates during the
experiments by SMNP to 2-m depth and for each 20-cm soil layer separately. Before
each measurement, a standard count (Cg) of the SMNP was determined in five
replicates.
Results and Discussion

SMNP Calibration

Reasonably precise calibration equations were obtained for all soil horizons. The
root mean squared error (RMSE) of regression ranged from 0.010 to 0.014 m3 m-3
(Table 1). Distinctly different soil horizons were identified. Also, due to nearness to the
surface, equations for the 10-cm depth were different in slope from equations for deeper
layers. The old irrigated gray soil of Tashkent Province is uniform in texture, ranging
from silt to silty clay loam throughout the profile, and is probably derived from loess,
either in place or in alluvial deposits.

Nodules and veins of CaCOj were noted during sampling at depths of >70 cm. Since
the soil is a uniform silt loam, the different calibration curve for depths >70 cm is
probably due to the increase in CaCOj; concentration. Similar effects of calcium
minerals on SMNP calibration slopes have also been noted in the semi-arid Great

Table 1. Calibration equations for soil moisture neutron probe (SMNP) for Tashkent. Equations are
in terms of volumetric water content (8, m3 m-3) and count ratio (Cg). Measurements were at 20-cm
increments between depths noted below.

Depth RMSE*

Location (cm) Equation r? (m3 m-3)
Tashkent 10 0=0.013+1.1752Cg 0.989 0.011
#H390104791** 30-170 ’ = -0.176 + 0.3759Cg 0.958 0.014
90 — 170 0 = -0.039 + 0.2463Cg 0.911 0.010

* RMSE is root mean squared error of regression.
** The # sign denotes the SMNP serial number.

Plains of the United States, where slopes were likewise lower for soil layers rich in
CaCOj (Evett and Steiner, 1995; Evett, 2000). The effect is probably due to the presence of
oxygen in these minerals, which is relatively effective in causing thermalization of fast
neutrons. The lowered calibration slope values would be expected in this case because the
presence of oxygen would increase the concentration of thermal neutrons and thus increase
neutron counts without the presence of water.

An example of data gathered with the SMNP for crop water use determination is
illustrated. Water content remained well below the maximum allowed by the soil
porosity, which was calculated from measured bulk density (Fig. 1). Application of the
soil water balance equation, using measured irrigation, rainfall and soil water content
changes, allowed calculation of water use for the season.

Crop water use

The sum of runoff and runon (R) and the flux (F) were assumed to be zero for the soil
of Tashkent Province and, therefore, the soil water balance equation gave the crop
water use as:
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Depth (cm)

o

ET= -AS+P+1

Precipitation data (P) were taken from the Meteorological Station of the
Institute, which is located at the Central Experiment Station. During the cotton
vegetation season precipitation was 64 mm and 27 mm in 2000 and 2001, respectively.
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Figure 1. Evolution of profile volumetric water content (VWC) at the UNCGRI, Tashkent
during the cotton irrigation season in 2001.

Values of change in soil water stored in the profile (AS) were calculated with the
use of the integral calculus method and data from Table 2. Values of water content at
the beginning of each growing season were similar in all treatments and so were lumped
across treatments in Table 2.

Table 2. Volumetric water content of the old irrigated typical gray soil at the beginning and the end of
vegetation (Tashkent, cotton)

Volumetric water content (m3 m-3)
2000 2001
At end of growing season At end of growing season
Surface Surface
Drip irrigation irrigation Drip irrigation irrigation
Soil layer | At crop 65-65- | 70-70- 70-70- At crop 65-65- 70-70- 70-70-
(cm) emergence | 60% Fc | 60% Fc | 60% Fe | emergence | 60% Fe | 60% Fc | 60% Fc
30 0.276 0.222 0.235 0.226 0.284 0.247 0.249 0.238
50 0.295 0.230 0.259 0.261 0.330 0.258 0.312 0.304
70 0.329 0.256 0.270 0.244 0.341 0.303 0.323 0.336
90 0.355 0.293 0.312 0.278 0.344 0.300 0.349 0.341
110 0.347 0.285 0.319 0.301 0.314 0.278 0.311 0.326
130 0.361 0.304 0.325 0.326 0.305 0.280 0.328 0.344
150 0.366 0.315 0.347 0.319 0.316 0.299 0.334 0.352
170 0.373 0.324 0.362 0.335 0.388 0.314 0.334 0.354

Results of the experiment showed that, for drip irrigated treatments, top yield in
both years was reached for treatment 2 (Table 4). Treatment | was considered to be
deficit scheduling of irrigation due to its lower yield. For drip irrigation, additional yield
received (average for two years) with treatment 2 (75-75-60% of F¢) in comparison
with scheduling of irrigation at 635-65-60% of Fc was 0.43 t ha'! (13.4% increase).
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Average additional yield for drip irrigation compared with surface irrigation was 0.65 t
ha-! (21.7% increase) using the same irrigation scheduling treatment of 70-70-60% of
Fc. Moreover, irrigation water use efficiency was always larger for drip irrigation than
for furrow irrigation.

Having calculated the AS for each treatment of the experiment, we determined
the ET for the 0 to 150-cm deep soil control volume (Table 3).

Table 3. Water use (ET) of cotton in Tashkent.

% of F Irrigation 2000 2001
0 C T o
Treatment Treatments Method AS Irrigation ET AS Irrigation ET
# (mm) (mm) (mm) |(mm) (mm) (mm)
| 65-65-60% Drip 105 225 183 76 330 281
2 70-70-60% Drip 63 250 251 {234 375 379
3 70-70-60% Surface 92 410 381 14.6 542 554
Table 4. Irrigation and productivity of cotton at two locations in Uzbekistan
Irrigation water Irrigation
Seed requirement water
cotton per unit yield | use efficiency
Treatment Treatment Irrigation Irrigation yield (m3 t-h (kg m-3)
# (% Fe) method (m3 ha'!) (t ha'!)
Year of 2000
o 65-65-60 Drip 2250 3.12 721 1.38
2 70-70-60 Drip 2500 3.60 694 1.44
3 70-70-60 Furrow 4100 2.95 1390 0.71
Year of 2001
| 65-65-60 Drip 3300 3.29 1003 0.99
2 70-70-60 Drip 3750 3.67 1022 0.97
3 70-70-60 Furrow 5420 3.02 1750 0.55
Seed Total water
cotton | requirement per | Total water
Treatment Irrigation ET yield unit yield use efficiency
Treatment # (% Fc) method (m3 ha"!) (t ha-h (m3 t-)) (kg m-3)
‘ Year of 2000
1 65-65-60 Drip 1832 3.12 587 1.70
2 70-70-60 Drip 2508 3.6 697 1.44
3 70-70-60 Furrow 3812 2.95 1292 0.77
Year of 2001
1 65-65-60 Drip 2810 3.29 854 1.17
2 70-70-60 Drip 3786 3.67 1032 0.97
3 70-70-60 Furrow 5544 3.02 1836 0.54

Some experiments have shown that drip irrigation does not increase cotton yield
relative to well managed surface irrigation (Howell et al., 1987; Bucks et al., 1988).
Others have shown that drip irrigation may increase lint yields and water use efficiency
by large amounts compared with those from sprinkler or surface irrigation (Bordovsky,
2001; Smith et al., 1991). In our experiment, drip irrigation showed its superiority over
conventional surface irrigation. Therefore, drip irrigation should be further explored as
an effective means to control quantity of irrigation water.
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Conclusions

1. Overall, our investigations with cotton conducted in the old irrigated typical gray soil
of Tashkent Province showed that calibration of the SMNP was successful and
acceptably precise for research objectives. The SMNP was useful for determining
water content dynamics of soil profiles, scheduling irrigation during growing seasons,
and obtaining accurate data on water use.

2. For two years, scheduling drip irrigation following the 70-70-60% of Fc treatment
resulted in saving 31 to 39% of the irrigation water in comparison with surface
irrigated cotton grown under the same conditions. Irrigation water use efficiency was
increased by 76.4 to 102.8% compared with that of surface irrigation when scheduling
was done using the (70-70-60% of Fc) rule for both. The seed-cotton yield was
increased by 21 to 22% relative to the surface irrigated cotton.

Acknowledgements
We gratefully acknowledge support under Technical Cooperation project number
UZB/5/002, “Optimization of Water and Fertilizer Use for Major Crops”, from the
International Atomic Energy Agency, Vienna, Austria.

References

Bucks, D.A., Allen, S.G., Roth, R.L., Gardener, B.R. 1988. Short staple cotton under
micro and level-basin irrigation methods. Irrigation Science 9:161-176.

Bordovsky, J.P. 2001. Comparison of spray, LEPA, and subsurface drip irrigated cotton.
Proc. Beltwide Cotton Conf. Vol. 1. Pp. 301-304.

Evett, S.R. 2000. Some aspects of Time Domain Reflectometry (TDR), Neutron
Scattering, and Capacitance methods of soil water content measurement. In:
Comparison of Soil Water Measurement Using the Neutron Scattering, Time
Domain Reflectometry and Capacitance Methods. pp. 5-49. IAEA-TECDOC-
1137.

Evett, S.R. 2002. Water and energy balances at soil-plant-atmosphere interfaces. In:
The Soil Physics Companion. Warrick, A A. (ed.). pp. 127-188. CRC Press LLC,
Boca Raton, FL.

Evett, S.R., Steiner, J.L. 1995. Precision of neutron scattering and capacitance
type moisture gages based on field calibration. Soil Science Society of America Journal
59:961-968.

Hignett, C., Evett, S.R. 2002. Neutron thermalization. Section 3.1.3.10. In: Methods of
Soil Analysis. Topp, G. C., Dane, J. (eds.) Part 4: Physical and Mineralogical
Methods, 3™ Edition. Agronomy Monograph Number 9. (in press)

Howell, T.A., Meron, Davis, K.R., Phene, C.J., Yamada, H. 1987. Water
management of trickle and furrow irrigated narrow row cotton in the San Joaquin
Valley. Appl. Eng. Agric.3:222-227.

Smith, R.B., Oster, J.D., Phene, J.C. 1991. Subsurface drip irrigation produced
highest net return in wasteland area study. Calif. Agric. 45 (2), pp.8-10.

YAK:633.51+631.8:631.544.71
K BOITPOCY BAJIAHCA A30TA YIOFPEHUU HA XJIOITYATHUKE
BO3EJBIBAEMOTI'O IIO IINTEHKOU
H.M.H6parumos, b.X. Tunna6ekos, JI.O.Mup3aes,
Y3HUUX, r.-TawkeHT

Mccnenosanus no onpeaeneHuio kKo3adduuMeHTa MCMONAB30BaHUS a3oTa
v106PCHUI1 ¢ MOMOUIbIO CTabMABHOrO M3oTona SN npu BHECEHUM €ro B pa3Hble CPOKH
W BO3ACAbIBAHWM XJOMYaTHUKA C MpPUMeHeHUEeM MONUITHIeHOBOM TuieHku ([13DIT)

18





